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In this paper, we argue in favour of using an immersive Virtual 
Environment (VE) in order to improve human capabilities. We 
develop this idea in order to advance the potential of VEs in 
enhancing humans. Training with VEs has proven in some cases 
to be more efficient than training in real world situations in terms 
of the reduction of time consumption, risk reduction, easily 
presenting specific simulation realism, all of which improve 
learning capabilities. The VE would be an environment for 
extending human capabilities, the goal being to increase 
experiences. This last affirmation could renew the scope of action 
for AH research: acquiring new needed capabilities from the 
virtual world that would be usable in both worlds, real and virtual.  
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1 Preamble  
Throughout history, the force of genetic mutation and human 
evolution has always intrigued people. In the 1970’s, we began to 
imagine human beings or sub-species of humanity endowed with 
special “powers” making them “homo superiors” rather than homo 
sapiens. 
The first references of augmented human were brought to the 
public through comics and fictions (e.g. The Bionic Man, Wonder 
Woman, Superman, X-men, Spider-Man…). Pop culture has been 
responsible for introducing original ideas for possible future states 
of humans. Full feature films and series extended the ideas 
previously put forth. One may perhaps remember these well-
known examples: Steve Austin was made to be an enhanced 
astronaut after an accident in the television series The 6 Million 
Dollar Man; Christopher Reeve had the role of civilian Clark 
Kent as Superman in four films from 1978 to 1987, as well as; 
Peter Parker in Spiderman in the form of cartoons and numerous 
films over that last 50 years. These ideas all spring forth from the 
human virtual environment, the mind. In what follows, we will 
 








The scientists brought the idea of augmented humans within 
the realm of the possible since then, combining humans and 
technology, both to allow people with impairments to progress in 
autonomy, and on the other hand, to allow humans to surpass their 
own capabilities. In this way, VEs could be seen as technologies 
allowing man to surpass himself.  
How is a VE defined nowadays? A VE is an interactive smart 
computer-based system that provides a three-dimensional virtual 
world. The virtual world may be imaginary, symbolic or a 
simulation of an aspect of the real world. The user in the VE can 
interact through his virtual self with the virtual world and the 
other users represented by avatars. A VE may be perceived as a 
technology and a tool created and controlled by humans to 
construct knowledge. For instance insomuch, in the field of 
psychology, VEs have contributed to progress in therapy studies 
for patients suffering from phobias, stress or anxiety disorders [2]. 
In addition, other learning-based VEs have contributed to train 
students in psychology thanks to simulated sessions with virtual 
patients [17]. Training with VEs is adopted by those working in 
other fields such as military [9], medicine [10, 23], culture [8] and 
education [7]. Training in VEs has proven in some cases to be 
more efficient than training in real world situations [4] in terms of 
reduction of time consumption, risk reduction, easily presenting 
specific simulation realism, all of which improve learning 
experiences and capabilities. 
Complex whole body activities and outside activities may be a 
challenge to simulate in VEs. However, in sports, skiing, a 
complex full-body activity that depends on mental concentration, 
physical relaxation and emotional well-being can be acquired in a 
simulated environment [14]. Moreover, being close to a snow-
laden mountain every day is not always possible. According to 
this last study, simulation is effective in acquiring the complex 
whole‐body skills and control necessary for effective action in 
skiing activity [14]. By introducing technology into sports to 
enhance human capabilities, the first Augmented Human 
conference in Megève in 2010 has contributed to thinning the 
boundaries between sports and virtual/augmented reality 
technologies. Since then, projects such as the European Project 
3D-live in 2014 ([15,16]), have tele-immersed users into mixed 
realities (virtual reality CAVE, augmented reality glasses, 3D 
display) in sports contexts (skiing, jogging, golfing), thus creating 
more enjoyable experiences. One of the most interesting inputs 
with VE is that these experiences can be transferred into the real 
world. 
Knowledge transfer from the virtual context to the real context 
is the criterion for the effectiveness of training in VEs. The 
transfer process is the experience in VE that affects learning and 
performance in the real environment. Positive transfer from 
virtual to real environments occurs in a highly realistic VE or a 
virtual surrogate of the actual real context [1]. Subjects’ mental 
states seem to be an important factor for an effective transfer 
process, both depending on the environmental conditions. 
Measuring the users’ experiences may determine the quality of 
users’ mental states [20] related to their activity. Analogously, in 
the past this has particularly proven to be the case of users of all 
digital and robotics products, and it is still the case [18]. However, 
in order to create an optimal user experience and thus an optimal 
knowledge transfer, the evaluator seems to be the main actor, 
since he controls the environmental conditions influencing the 
knowledge transfer. 
The knowledge transfer process is a complex subject according 
to the cognitive psychologists. This process is dealt with in 
psychological theories (behaviourism, cognitivism, and 
constructivism). In virtual context, scientists have divergent 
results about the important factors in VE that encourage the 
transfer process. The issue of transfer has been widely studied in 
the past 20 years by educational and cognitive psychologists. We 
do not wish to address this matter in this paper. 
In view of these previous elements, we choose to argue in 
favor of using a learning VE in order to enhance a human. 
According to our point of view, the means one is surrounded with 
cease to be means. Any means at one’s disposal become part and 
whole of the human condition, making the environment part of 
human. As a general definition, environments are a set of 
physical, chemical, biological and sociological conditions within 
which living beings evolve. The human evolves in the natural 
environment and in the human-built environment spontaneously 
originating from his own activity. The technological environment 
as part of the built environment changes along with human needs. 
This ever-changing relationship can be defined as a “techno-
social” or hybrid complex system being part of a complex social 
system (The community). The technological environment is 
therefore an integral part of human beings. Consequently, VEs is 
an integral part of human beings allowing them to enhance their 
learning experiences and capabilities. 
 
3 The Birth of Human Augmented Virtual 
Environments 
3.1 Transforming Human’s Spatial Skills 
VEs seem to allow the user to acquire, in an effective way, 
spatial knowledge, complex whole body activities or critical 
skills. Spatial knowledge is needed for everyday activity such as 
driving or walking from one place to another. Several studies have 
been carried out to help visual impaired people acquire spatial 
knowledge easier and faster in an acoustically simulated 
environment. This acquisition is supposed to alleviate the stress 
and allow an easier displacement in the real world. Other similar 
studies have been done for full-sighted people in simulated 
environments. The spatial knowledge may allow users to be 
familiar with an environment they never really evolved in, just 





“acquisition of spatial knowledge” [13] compares spatial 
knowledge gained through different conditions while visually 
exploring a simulated environment. It appears that space 
characteristics are better integrated into a cognitive-map from 
active spatial exploration rather than passive forms of doing so. 
This shows the importance of active motor behavior combined 
with active perception to extract invariants in the environment 
[22]. 
The user in a VE seems to learn better from his proper 
interactions, movements and actions in a self-controlled virtual 
world. In these conditions, training to acquire spatial knowledge 
in VEs can surpass training to acquire spatial knowledge in the 
real world [21]. 
3.2 The Super Human in Sports 
Complex whole body activities are common in the context of 
sports. VEs for sports are used as a tool not only for strategic 
decisions or for entertainment but to improve sensorialmotor skills 
as well, that is to say the ability to analyze sensory inputs and 
produce an appropriate motor response (motor outputs). Enough 
studies have come to agree that the improvement of motor skills 
in VEs for ball sports simulation can be possible [11]. Thanks to 
the quickly and randomly changing environment in VEs, users 
may face different scenarios in a short time and each scenario 
would match with a specific situation designed to cover one of 
several aspects of the user’s needs. The user is thus able to 
practice a wide range of skills. Nevertheless, improving such 
complex capabilities in sports with VE will depend on the 
characteristics of the available technology. 
3.3 The Power if Virtual Environments in 
Acquiring Critical Skills 
Critical and complex skills such as surgical interventions 
require significant repeated training sessions to increase and 
acquire experienced surgeon’s skills. Surgical simulations with 
immersive VE such as VEs for training critical skills in 
laparoscopic surgery [5] offer all important aspects of a proper 
minimally invasive surgical procedure. Such an environment 
allows the surgeon to view a body in many different situations and 
from different viewpoints including point of views that would be 
impossible in the real world without excessive or hazardous 
manipulation of the organs.  
Other traditional training methods such as learning with animal 
anatomy, observation of experienced surgeons or training in the 
operating room seems to be less effective for students and novice 
surgeons in needs of more practical, self-controlled and realistic 
experiences. Furthermore, it would be a pity to put patients at 
greater risk than necessary. 
Training sessions using a VE improve students, novice and 
experienced surgeons to enhance their overall surgical experience, 
knowledge and skills: spatial orientation knowledge of the organs, 
spatial reasoning and perceptual motor skills are necessary to 
manipulate surgical tools such as a laparoscope. The ability to 
create three-dimensional mental models and plans while viewing 
two-dimensional images depends on having the aforementioned 
knowledge and skills. 
3.4 The Virtual Environment Potential 
Simulation in VEs seems to have many potential advantages. 
Firstly, it could reduce the time needed to bring together the 
appropriate conditions and design specific scenarios to enhance 
skills (i.e. have greater knowledge) and the learning experience 
(i.e. obtain knowledge faster). Once the scenario is designed it can 
be replayed an unlimited number of times. Secondly, VE could 
reduce the risk of hazardous consequences due to training in real 
situations. Indeed, most professional skills need to be acquired in 
very realistic conditions. Sometimes these conditions turn out to 
be a beginner in front of a real patient or in a high-risk 
environment, thus increasing the risk of beginner’s mistakes. 
Consequently, one can suppose that treating with very realistic 
virtual agents is a better alternative ([6, 10]). Finally, VEs could 
allow one to easily design a very realistic rendering of the most 
specific and complex situations in the real world: discovering, 
learning and evolving from the ocean’s depths, outer space, brain 
cells, chemical reactions at a molecular level, energy 
transformation... 
 
4 The Augmented Humanity 
4.1 What is an Augmented Human? 
In this part we propose an argument for considering a human 
in VE as an augmented human. The previous part reveals the 
enhanced skills and learning experiences a human may acquire 
while training in a VE. Knowing this positive impact of such 
environments on human capabilities could be a first point that will 
give weight to our argument, however we still need to understand 
how the VE is related to humans.  
In the field of Augmented Human, a human may be augmented 
both corporally and/or cognitively and the augmentation 
technologies have in common the fact that most of these 
technologies are transplanted into the person’s body or worn by 
the person, thus being part of that human. VEs could be seen as 
wearable human technologies as there exist several types of Head 
Mounted Display (HMD) that are wearable and quite famous in 
the Virtual Reality scientific communities and the public 
(specifically gamers). However, not all VE technologies are 
wearable. Most wearable technologies today have evolved from a 
non-wearable state to fully wearable ones nowadays (e.g. phones 
can now be worn on the wrist [24]) thanks to technological 
advances. Therefore, we can imagine in a close future having 
more Extended Reality (XR) solutions, that is to say technologies 
that bring together the real and the virtual in environments 
generated by computer graphics and wearable entities.  
 




4.2 Technological Environment Improving Human 
Life 
We shall now focus on the relationship between humans and 
the environments. We want to be able to establish the fact that the 
human is part of the technological environment, and in turn, the 
environment at some point becomes part of the human. We 
assume that a VE is an environment and more specifically part of 
a technological environment. There is an ever-changing 
relationship between humankind and technological environment, 
humans’ needs and technological progression [19]. The human 
evolves in the environment he creates. Therefore, his needs have 
an impact on his environment, making him part of the 
environment.  
Humans produce the technological environment, which in turn, 
shapes human life. In other words, scientists and technology 
assessors make technological environments that will be adopted in 
human’s everyday life. Therefore, technological environment 
shapes the human environment, habitat, and life and by extension 
himself (the way we use and see our technological environment 
today differs from the past): Robotics, artificial intelligence, and 
trans-humanistic innovation movements are significantly 
interesting illustrations. Thus, the technological environment 
could be seen as a parameter modifying the human’s equation. 
VEs as much as augmentation technologies are tools, means, and 
techniques from the technological environment, which, from our 
point of view, cease to be means and become a full part of the 
humans’ condition. At this point, our first statement could be 
confirmed in considering human users of  VE’s to be people 
integrating a technological environment able to augment them. 
4.3 The Complex Human System  
To finalize our reasoning, we will focus on an additional 
theory explaining how humans can represent a complex system. 
The world consists of a variety of complex systems ranging from 
our bodies to our ecosystems or our economic systems. Therefore, 
we suppose that humans represent a built complex system while 
being part of it. The goal of the Science of complex systems is to 
study the collective behaviors resulting from the interaction of a 
big number of entities, to finally, be able to model, simulate and 
reconstruct the behaviors for a better description of how existing 
organizations function [3]. Complex systems can contribute to 
evolutionary theories: by “contributing to methods of 
mathematical and computational modelling that aid our 
understanding of emergent behaviors” and by “elaborating ideas 
from that are relevant to ecologies and evolution” [12]. A 
complex system understanding and analysis is carried out in a 
global perspective: by either reductionism, in which the properties 
of the whole system are explained in terms of its parts, or holism, for 
which the whole system cannot be explained by its components alone. For 
this latter, the system as a whole determines how the parts behave. The 
relations people have with one another and with their environment 
represent a complex system, as it is difficult to foresee the 
behavior, the tendency or the momentum. Just as it is for the 
human, the environment is also part of this complex system that 
we may name the complex human system. This final statement 
reinforces the idea that the environment is part of humans. 
5. CONCLUSION 
Throughout this paper, we expose the way in which humans in 
VE can be considered as augmented. We develop this idea to 
advance the potential of VEs with regards to enhancing humans. 
First of all, we put forward the capabilities a human can gain 
training in a VE: enhanced skills and enhanced learning 
experiences. Human training in a VE comes out from this 
experience with something more. VEs not only contribute to 
better learning, they also seem to contribute to a greater and more 
enjoyable experience, hence their success with the public. 
Secondly, we place human users in VE on the same level as 
people using augmentation technologies. This analogy allows us 
to construct step by step the idea that the human in a VE is an 
augmented human. Indeed, both can use a wearable virtual or 
augmentation technology to enhance their capabilities and 
experiences. However, as VE is also seen as an environment, we 
propose a reflection aiming to develop the idea that the 
environment is part of the human. In this way, VE can be seen as 
part of human, the same way augmentation technology is part of 
human. 
Finally, we define what we consider humans are: a complex 
system we choose to name the Complex Humans System. New 
behaviors, ecologies and evolutionary theories are human issues 
the Science of Complex Systems help to better understand. 
Especially as new concerns grow in our minds on the relation of 
humans with immerging, and somewhat intrusive, technologies in 
the future; concerns about the kind of nature towards which 
augmented humans and their environment evolve or the impact of 
upcoming technologies on human definition.  
These matters and others such as the knowledge transfer from 
virtual to real world, the user experience in VE in order to 
enhance capabilities are several worthwhile matters we did not 
fully address in this paper. Indeed, the positive transfer of 
knowledge in the real world and the optimal user experience in 
the VE measures the actual effectiveness of a VE. One may 
wonder what factors create a positive knowledge transfer and a 
positive user experience. Moreover, what will the consequences of 
such effectiveness be on the relationship humans experience with 
emergent technologies? Will their environments be affected? 
What level of attractiveness could the real and limited world have 
compared to a virtual and unlimited world? Papers on transfer 
process in VE [1], user experience in VE [20] and Complex 
System [12] would be a starting place to answer these questions.  
We finally would like to recollect upon the fact that, even if 
the VE technology do not fully allow for an exact surrogate of the 
real world today (especially in terms of interactions and image 
rendering), we nevertheless reach significant contributions in the 
Virtual Reality field in order to reconsider our learning methods. 
Activities with VEs are still gaining in sophistication and are 






We acknowledge with great value the communication possibilities 
within the ENSAM research team, LAMPA. Also highly 
appreciated are the means ACM provides for the publishing of 
this paper from a quaint place (Covid-19 confinement).  
REFERENCES 
[1] Bossard, C., Kermarrec, G., Buche, C., Tisseau, J. 2008. Transfer of learning in 
VEs: a new challenge? Virtual Reality 2008. 12(3):151-161. DOI: 
10.1007/s10055-008-0093-y 
[2] Bouchard S., Renaud P., Robillard, G., & St-Jacques, J. 2002. Applications of 
virtual reality in clinical psychology: Illustration with the treatment of anxiety 
disorders. IEEE International workshop on haptic VEs and their applications, 
no 1 November 2002, p7-11. DOI: 10.1109/HAVE.2002.1106906 
[3] Chavalarias, D. 2007. L'articulation individuel/collectif dans les sciences des 
systèmes complexes : quels apports pour la sociologie ? Sociétés, n°98 2007/4 
p. 41-51 éditions De Boeck Université. 
[4] Dalgarno, B. and Lee, M. J. W. 2010. What Are the Learning Affordances of 3-D 
VEs?British Journal of Educational Technology 41, no. 1 January 2010, p10–
32. DOI: 10.1111/j.1467-8535.2009.01038.x 
[5] Downes, M., Cavusoglu, C., Gantert, W., Way, L.W., Tendick, F. 1998. VEs for 
training critical skills in laparoscopic surgery. In Proceedings of Medicine 
Meets Virtual Reality VI (MMVR'98), San Diego, CA, January 28-31, 1998, p 
316-322. J.D. Westwood et. al., eds., IOS Press, Amsterdam. 
[6] Edward, L., Lourdeaux, D., Barthès, J-P., Lenne, D., Burkhardt, J-M. 2008. 
ModellingAutonomous Virtual Agent Behaviours in a Virtual Environment for 
Risk. The International Journal of Virtual Reality, 2008, 7(3):13-22. 
[7] Ferey N., Delande O., Grasseau G., Baaden M. 2008. A VR Framework for 
Interacting withMolecular Simulations, ACM-VRST 2008: In proceedings of 
Virtual Reality Sofware and Technologies. 
[8] Fleury Ph. et Madeleine S. 2007. Réalité virtuelle et restitution de la Rome 
antique du IVesiècle après J.-C. Histoire urbaine, 18, p161-169. 
[9] Geslin, E., Bartheye, O., Schmidt, C., et al. 2020. Bernardo Autonomous 
Emotional Agents Increase Perception of VR Stimuli. Network and 
Communication Technologies; Vol. 5, No. 1; 2020. 
[10] Kolesnikov, M., Steinberg, A. D., & Zefran, M. 2009. Haptic-Based Virtual 
Reality DentalSimulator as an Educational Tool. In A. Daskalaki (Ed.), Dental 
Computing and Applications: Advanced Techniques for Clinical Dentistry (pp. 
219-231). Hershey, PA: Medical Information Science Reference. 
DOI:10.4018/978-1-60566-292-3.ch014 
[11] Miles, H. C., Pop, S.R., Watt, S.J., Lawrence G. P., John, N.W. 2012. A review 
of VEs for training in ball sports, Computers & Graphics 2012, 36(6): 714-726. 
DOI: 10.1016/j.cag.2012.04.007 
[12] Mitchell, M. Newman, M. 2002.  Complex Systems Theory and Evolution. In 
Encyclopedia of Evolution. Eds. M. Pagel, New York: Oxford University Press. 
[13] Peruch, P., Vercher, J-L., Gauthier, G.M. 1995. Acquisition of Spatial 
Knowledge ThroughVisual Exploration of Simulated Environments, Ecological 
Psychology 1995, 7(1):1-20. DOI: 10.1207/s15326969eco0701_1 
[14] Pianca, E. 2014. The learning of complex whole body activity (downhill skiing) 
by simulation. International Journal of Human Factors and Ergonomics 
01/2014; 3(2):188. DOI: 10.1504/IJHFE.2014.067842 
[15] Poussard, B., Loup, G., Christmann, O., Eynard, R., Pallot, M., Richir, 
S.,Hernoux, F., Loup-Escande, E. 2014. Investigating the Main Characteristics 
of 3D Real Time Tele-Immersive Environments through the Example of a 
Computer Augmented Golf Platform. VRIC '14 Proceedings of the 2014 Virtual 
Reality International Conference. Article No. 31.DOI: 
10.1145/2617841.2620720 
[16] Poussard, B., Richir, S., Vatjus-Anttila, J., Asteriadis, S., Zarpalas, D., Daras, P. 
2014.3DLIVE: A Multi-Modal Sensing Platform Allowing Tele-Immersive 
Sports Applications, 22nd European Signal Processing Conference (EUSIPCO 
2014), Lisbon, Portugal, 2-5 Sept. 
[17] Rizzo A., Kenny P., & Parsons T.D. 2011. Intelligent Virtual Patients for 
Training ClinicalSkills. Journal of Virtual Reality and Broadcasting, 8, p1-16. 
[18] C. T. Schmidt, "Socially interactive robots. Why our current beliefs about them 
still work," Proceedings. 11th IEEE International Workshop on Robot and 
Human Interactive Communication, Berlin, Germany, 2002, pp. 560-564. 
[19] Schmidt, C., Ruch, P. 1999. Evolution of Man's Needs and Technological 
Progression: Pragmatic Foundations for a Relational Coupling. in Marsh, J., 
Gorayska, B., and Mey, J.L., eds., Humane Interfaces: Questions of Methods 
and Practice in CognitiveTechnology. 
[20] Tcha-Tokey, K., Loup-Escande, E., Christmann, O., Canac, G., Farin, F., Richir, 
S. 2015.Vers un Modèle de l’Expérience Utilisateur en Environnement Virtuel 
Immersif : une Analyse de la Littérature. 27ème conférence francophone sur 
l'Interaction Homme-Machine, Oct 2015, Toulouse, France. ACM, IHM-2015. 
DOI : 10.1145/2820619.2825006 
[21] Waller, D., Hunt, E., Knapp, D. 1998. The Transfer of Spatial Knowledge in VE 
Training, Presence 1998, 7(2):129-143.DOI: 10.1162/105474698565631 
[22] Wexler, M., van Boxtel, J.J. 2005. Depth perception by the active observer. 
Trends in Cognitive Sciences 2005 Sep ;9(9):431-8. DOI: 
10.1016/j.tics.2005.06.018 
[23] Yaacoub F., Hamam Y. and Abche A. 2009. A Virtual Reality Simulator For 
Training Wrist Arthroscopic Surgery. The International Joint Conference on 
Biomedical Engineering Systems and Technologies, BIOSTEC, Porto, Portugal. 
[24] Watch Human Interface Guidelines (n.d.) Retrieved from 
https://developer.apple.com/watch/human-interface-guidelines.  
 
 
 
 
